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Abstract.
With 741 kg of TeO2 crystals and an excellent energy resolution of 5 keV (0.2%) at the region of interest, the CUORE
(Cryogenic Underground Observatory for Rare Events) experiment aims at searching for neutrinoless double beta decay of
130Te with unprecedented sensitivity. Expected to start data taking in 2015, CUORE is currently in an advanced construction
phase at LNGS. CUORE projected neutrinoless double beta decay half-life sensitivity is 1.6× 1026 y at 1σ (9.5× 1025 y
at the 90 % confidence level), in five years of live time, corresponding to an upper limit on the effective Majorana mass
in the range 40–100 meV (50–130 meV). Further background rejection with auxiliary bolometric detectors could improve
CUORE sensitivity and competitiveness of bolometric detectors towards a full analysis of the inverted neutrino mass hierarchy.
CUORE-0 was built to test and demonstrate the performance of the upcoming CUORE experiment. It consists of a single
CUORE tower (52 TeO2 bolometers of 750 g each, arranged in a 13 floor structure) constructed strictly following CUORE
recipes both for materials and assembly procedures. An experiment its own, CUORE-0 is expected to reach a sensitivity to
the ββ (0ν) half-life of 130Te around 3×1024 y in one year of live time. We present an update of the data, corresponding to
an exposure of 18.1 kg y. An analysis of the background indicates that the CUORE performance goal is satisfied while the
sensitivity goal is within reach.
Keywords: Double beta decay; neutrino; CUORE; bolometer; inverted hierarchy
PACS: 23.40.-s, 14.60.Pq, 07.57.Kp
1. INTRODUCTION
The question wether neutrinos are their own anti-particles (i.e. wether they are Majorana fermions) is among the
most fundamental open questions of particle physics [1]. Proposed more than 70 years ago to establish the nature of
neutrinos [2], neutrinoless double beta decay is still the most sensitive probe into the non-conservation of lepton
number. Its observation would be a breakthrough in our description of elementary particles and would provide
fundamental information on the neutrino masses and their origin. In fact, double beta decays are a family of very
rare nuclear processes in which a nucleus transforms into one of its isobars with a change of the nuclear charge by two
units while emitting two electrons. The two neutrino mode (ββ (2ν)) in which two daughter neutrinos are also emitted
(A,Z)→ (A,Z+2)+2e−+2ν , is a 2nd-order weak process allowed by the Standard Model and observed in a number
isotopes. On the contrary, the neutrinoless mode (ββ (0ν)) (A,Z)→ (A,Z +2)+2e−, can occur only if neutrinos are
Majorana particles and is by far the most realistic lepton number violating process. Neutrino masses can account for
the chirality adjustment needed to take into account for parity violation in weak interactions, thus ββ (0ν) becomes
also a powerful tool to provide informations about the absolute scale of neutrino masses and possible CP violations on
1 e-mail: cuore-spokesperson@lngs.infn.it
2 Deceased
the lepton sector. For ββ (0ν) with the exchange of a light Majorana neutrino, the decay rate Γ can be expressed as
Γ= G0ν |M0ν |2 |〈mββ 〉|
2
m2e
(1)
where 〈mββ 〉= ∑k U2ekm j is known as “effective Majorana mass”, and is a combination of the neutrino mass
eigenvalues weighted on the elements of the PMNS (Pontecorvo-Maki-Nakagawa-Sakata) mixing matrix, G0ν is the
phase space factor and M0ν is the nuclear matrix element (NME) of the transition.
G0ν is proportional to the 5th order of decay Q-value and can be accurately calculated [3]. On the contrary, NME’s
evaluation is difficult and different model calculations may disagree by a factor of 2 to 3, thus introducing a large
spread of 〈mββ 〉[4].
All ββ (0ν) experiments measure the energy of the two emitting electrons. The experimental signature is thus a
sharp peak at the decay Q-value in the summed electron energy spectrum. Currently, more than 10 experiments world-
wide aim at searching for ββ (0ν) utilizing different techniques such as ionization, scintillation, thermal excitation, or
some combination of them.
For all the next generation ββ (0ν), very stringent requirements on the parent isotope mass, detector energy
resolution, and background rate must be satisfied. For the background-limited case, the commonly accepted figure
of merit for the half-life limit is
T 0ν1/2 ∝ η · ε
√
M · t
b ·∆E (2)
where ε is the detector efficiency, η the isotopic abundance of the ββ (0ν) candidate, M the total detector mass, t
the detector live time, b the background rate per unit detector mass per energy interval, and ∆E is the energy resolution
of the detector. When the background index is so low that no background counts (Nb = b ·∆E · t ·M) are expected along
the measurement time (a condition usually known as “zero background”), a very favorable condition occurs where
the half-life limit scales linearly with the exposure M· t and is independent of the background rate and the energy
resolution:
T 0ν−ZB1/2 ∝ η · ε ·M · t (3)
ββ (0ν) process has never been observed, and current experimental sensitivities are in the range 1024−25 years [5].
The CUORE experiment [6, 7] will search for ββ (0ν) decay of 130Te using a large array of natTeO2 cryogenic
bolometers acting at the same time as source and detector of the decay. Indeed, 130Te is an attractive choice as
ββ (0ν) emitter: its natural isotopic abundance (34.2%) is the highest among all the ββ (0ν) candidate isotopes [8],
and therefore no isotopic enrichment is necessary, and the decay Q-value is measured to be around 2528 keV [9], which
is higher than most naturally occurring γ-ray background and also means a favorable phase space factor. The CUORE
bolometers will operate at a temperature of about 10 mK which allows them to achieve an average energy resolution
of about 5 keV FWHM at the Q-value of the decay. CUORE is currently in an advanced phase of construction at
Laboratory Nazionali del Gran Sasso (LNGS) in Italy, and is anticipated to start data taking in 2015. The technology
of CUORE was proven by its predecessor, Cuoricino, a ∼40 kg tower of 62 bolometers that, with 19.75 kg y of
130Te exposure, set a lower limit to the decay half-life of 2.8 ×1024 y (90% C.L.) [10].
Cuoricino background rate in the region of interest (ROI) around the ββ (0ν) Q-value was dominated by the
contribution of surface radioactive contaminations of the detector structure. Therefore, to improve the background for
CUORE, we implemented a set of strict protocols to limit the radioactive contamination of the detector materials during
production and assembly. The first tower produced on the CUORE detector assembly line and operated separately in
the same cryostat which hosted Cuoricino, has been called CUORE-0 [11]. It has been taking data since March 2013.
CUORE-0 is a crucial test of the CUORE concept in all stages as well as an independent experiment in its own,
expected to surpass the Cuoricino sensitivity in one year of live time.
In this article, we give an update on latest CUORE progress and CUORE-0 results corresponding to a 18.1 kg· y
TeO2 exposure. The Cuoricino background model, confirmed by CUORE-0 data, anticipates that CUORE sensitivity
will be limited by background, most of which originates from the surface radioactive contaminations of detector
materials and nearby structures. Future generations of bolometer arrays focus therefore on background suppression
by the simultaneous detection of photons and phonons. The photon signal comes either from Cherenkov radiation or
scintillation light and can be applied to the most interesting ββ (0ν) candidates [12] as discussed in section 4.
2. CUORE
The CUORE concept is based on the low temperature calorimeter technology, in which the energy release in an
absorber is measured via its temperature rise, picked up by a sensitive thermal sensor attached to the absorber. This
requires to operate at cryogenic temperatures (∼10 mK) in order to minimize the detector heat capacity. The intrinsic
sensitivity and resolution of bolometers are then excellent and, when coupled with an unparalleled free choice of the
materials (the only request for the absorber is usually just to be dielectric and diamagnetic), make this technique ideal
for applications in the Physics of rare events [13].
The CUORE detector is a large bolometer array consisting of 988 independent TeO2 crystal modules arranged in 19
towers. Each tower has 13 floors with 4 bolometers on each floor in a two by two configuration. The main component
of each module is a 750 g, 5-cm cubic TeO2 crystal grown from natural tellurium. The crystals were manufactured by
the Shanghai Institute of Ceramics, Chinese Academy of Sciences with major input from the CUORE collaboration on
quality and radio purity control [14]. The total detector mass is 741 kg, corresponding to 206 kg of the 130Te isotope.
3×3×1 mm3 NTD Ge thermistors [15] have been glued on each module as temperature sensors. Each bolometer is
also instrumented with a Joule heater, which is used to inject in each bolometer a known amount of energy at regular
time intervals for offline thermal gain instability correction [16]. Test modules operated underground in a dedicated
cryogenic test facility have been featuring good reproducibility, excellent stability and low noise. The design full width
at half maximum (FWHM) resolution at ROI is 5 keV. Energy resolutions of large-mass bolometers are dominated by
thermal fluctuations from vibration and readout electronics. After production, the crystals were transported to LNGS
at sea level to minimize the cosmogenic activation. We performed dedicated cryogenic tests to measure the bulk and
surface contamination rates and determined them to be less than 6.7×10−7 Bq/kg and 8.9×10−9 Bq/cm2 at 90 % C.L.
in 238U, respectively, and less than 8.4 ×10−7 Bq/kg and 2.0 ×10−9 Bq/cm2 in 232Th, respectively [17]. To mitigate
the surface contamination of the copper structure, we tested three surface treatment techniques, and chose a series of
tumbling, electropolishing, chemical etching, and magnetron plasma etching for the surface treatment. The upper limit
of the surface contamination of the cleaned copper was measured in R&D bolometers to be 1.3×10−7 Bq/cm2 at 90 %
C.L. in both 238U and 232Th [18]. CUORE-0 results (sec. 3) show that this goal has been achieved.
The projected background rate at ROI is 0.01 counts/(keV·kg·y), mainly from surface and bulk contaminations of
the bolometer components and the innermost copper thermal shields. The best estimate for surface-related background,
mainly from α particles originated from the copper surface, is 1-2 ×10−2 counts/(keV·kg·y), based on Monte
Carlo simulations with the latest results of CUORE-0 [19]. Background contribution from bulk contamination,
predominantly events from 208Tl, is expected to be less than 6 ×10−3 counts/(keV·kg·y)(90 % C.L.) [19].
The CUORE building is situated at the LNGS underground facility at an average depth of 3650 m water equivalent,
where the muon flux is (2.58± 0.3)×10−8 µ/(s ·cm2), about six orders of magnitude smaller with respect to sea level
[20].
A heavy shield consisting of layers of borated polyethylene, boric-acid powder, and lead bricks surrounds the
cryostat to attenuate neutron and γ-ray backgrounds. More lead shielding is added inside the cryostat, including ancient
Roman lead [21] to further suppress the γ-rays from the cryostat materials. We find the expected environmental muon
neutron, and background rates in the ROI to be orders of magnitude smaller than the α and γ backgrounds from the
experimental apparatus itself [22, 23]. Limited by the background rate, the CUORE projected half-life sensitivity is
1.6×1026 y at 1σ (9.5×1025 y at the 90 % C.L.) [24], corresponding to an upper limit on the effective Majorana mass
in the range 40–100 meV (50–130 meV) depending on the adopted NME calculation [4].
CUORE is currently in an advanced phase of construction. The assembly of the detector, which represented a major
effort in the past year and a half has been recently completed and the 19 towers of CUORE are now stored underground
waiting for their installation into the cryostat. The assembly process represented a true organizational challenge aiming
at turning ∼10000 loose parts into 988 ultra-clean bolometer modules. All the operations were conducted in glove
boxes under nitrogen atmosphere to minimize oxidization and contamination of radon and radon progenies [25]. The
process starts with the gluing of thermistors and heaters to crystals with a robotic system to maintain the uniformity
and repeatability of the gluing joints and continue with the mechanical assembly of the instrumented crystals, cleaned
copper parts, and PTFE spacers into a tower. Two sets of flexible printed circuit board readout cables are then attached
on opposite sides of each tower, and a wire bonder is eventually used to bond the thermistors and heaters to the bonding
pads on the readout boards [26]. More details on CUORE detector assembly can be found in [7].
Major efforts are now focused on the commissioning of the cryogenics whose final goal is to cool the bolometer
array, almost a ton of material, to 10 mK base temperature. This is a very complex system which integrates a large
number of sub-systems: a large cryostat (with six nested thermal shields), a cryogen-free cooling system with five
pulse-tube coolers and a dilution refrigerator unit, a fast cooling system for pre-cooling, a detector calibration system
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FIGURE 1. Left: CUORE-0 calibration spectrum (232Thexternal source) from threshold to 2.7 MeV. Events from all the active
detectors and all the calibration runs of phase II are included. Right: detail of the 208Tl line at 2615 keV. The small peak to the left
is the Te X-ray escape.
(DCS), a set of cold (ancient Roman) lead shields, the detector and shield suspensions, the wire readout system and,
of course, the CUORE detector [27].
The custom-built 3He/4He dilution unit (DU) by Leiden Cryogenics has been delivered to LNGS in late Summer
2012 after passing in-house benchmarking. At LNGS it has been tested in a small testing cryostat and successfully
reached 5 mK base temperature with a cooling power of 5 W at 12 mK.
Main goal of the five pulse tubes is to cool down and maintain the system at about 4 K during DU operation.
On the other hand, the suspensions must accomplish the delicate goal of decoupling the detector from the vibrations
of the cryogenic environment while limiting the power injection.
DCS is designed to insert and retrieve 12 radioactive source strings from the 300 K top flange to the bolometer array
at 10 mK for energy calibrations every month. The main challenge is to limit the heat load while lowering the source
strings through the successive flanges with decreasing temperatures. Each Kevlar string carries 25 thoriated tungsten
sources crimped on it, evenly separated by 29 mm from each other. A motion control system on top of the 300 K flange
releases each string to travel down a dedicated guide tube by its own weight. The strings are thermalized at the 4 K
flange to avoid over-heating the three inner cryostat vessels.
Given the complexity of the system, a phased commissioning plan has been implemented, characterized by the
installation and test of a limited number of items at each stage.
The commissioning plan started in July 2012 with the outermost three layers of the cryostat (which delimit the two
cryostat vacuum chambers) and two of the five pulse tubes needed to cool the system. Vacuum and operational tests of
the system took about one year and finished in late spring 2013 with the successful cool-down to 3.5 K [28].
The second phase of the cryogenic system commissioning followed in Summer 2013, with the installation of the
remaining three sections of the cryostat, the dilution unit and part of the DCS.
Vacuum test and the implementation of a good thermometry again took a lot of effort.
The first successful cool-down of the cryostat (run 1) to a base temperature well below the design value of 10 mK
(∼7 mK) has been recently obtained and we are currently preparing for the next two steps in which the wiring system
(run 2), the DCS, the cold shields and the detector suspension plate (run 3) will be installed. The commissioning plan
is expected to finish in May 2015.
Detector integration and the corresponding plan for the installation of the 19 towers into the cryostat are another
priority currently addressing a lot of efforts.
In the meanwhile the electronics, the DAQ and the slow control are being finalized and the software development
is progressing regularly. The CUORE electronics will read the thermistor voltage signal to computer via the front end
electronics, high-precision 18-bit digitizers, and the data acquisition software Apollo. Both Apollo and our custom built
data analysis software framework Diana have been used extensively for analysis of Cuoricino, R&D runs [9], and more
recently CUORE-0. New features and browser-based data quality monitoring are continuously being implemented.
CUORE operation is expected to start at the end of 2015.
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FIGURE 2. Cuoricino (line) and CUORE-0 (shaded) background spectra comparison. Only events with a single crystal hit are
considered (anti-coincidence mode). Background rates are clearly reduced in CUORE-0 by factors∼2 and∼6 in the α (E>2.7 MeV)
and γ dominated regions, respectively. In the γ region, labeled lines are due (1) e+e- annihilation, (2) 214Bi, (3) 40K, (4) 208Tl, (5)
60Co and (6) 228Ac mainly from the cryostat materials. In the αregion they come from (a) 190Pt, (b) 232Th, (c) 238U, (d) 230Th and
226Ra, (e) 210Po, (f) 228Th and 222Rn, (g) 224Ra, (h) 218Po and (i) 216Po from TeO2 crystals or surface radioactive contaminations
of the detector structure materials.
3. CUORE-0
CUORE-0 is a CUORE-style tower built using the same materials, assembly devices and procedures developed for
CUORE. It is therefore identical in all the aspects to the 19 towers of CUORE (52 TeO2 crystals, 39 kg of TeO2 mass
and 11 kg of 130Te). Actually, the main goal of CUORE-0 is to provide a proof of concept of the CUORE detector in
all stages, including the operation of the DAQ and analysis frameworks. Given the sizable mass and the anticipated
background level, CUORE-0 is operating as an independent ββ (0ν) experiment while CUORE is under construction.
CUORE-0 is operated in the same cryostat that previously hosted Cuoricino, in the Hall A of LNGS [10]]. CUORE-
0 maintains an operating temperature of about 13-15 mK. At this temperature the typical signal amplitude is 10–20
µK/MeV, with typical rise and decay times of 50 and 250 ms, respectively. The analog read-out of the thermistor is
performed using the same electronics that was used for Cuoricino [29]. The signals are first amplified, filtered by 6-pole
active Bessel filter [30] and then fed into an 18-bit National Instrument PXI analog-to-digital converter (ADC). The
filter cutoff and the ADC sampling frequency are set to 12 Hz and 125 Hz, respectively. The data are then processed
with Apollo, the data acquisition software developed for CUORE. A CUORE-0 dataset consists of 3-4 weeks of low
background data taking preceded and followed by 2–3 days of calibration runs. To calibrate the detector, we insert two
thoriated tungsten wires between the outer vacuum chamber of the cryostat and the external lead shield. During the
offline analysis, we calibrate each channel separately over the energy range 511 to 2615 keV using the lines from the
daughter nuclei of 232Th.
The raw data from the bolometers are processed offline with Diana, the analysis software suite developed for
CUORE. The data reconstruction steps are the same as in the Cuoricino analysis [10], but we have improved the
automation and robustness of many of the algorithms in anticipation of scaling to CUORE.
The offline data production begins by evaluating the signal amplitude of each waveform using the matched filter
described in [31, 32]. Noisy pulses are then identified and discarded as a result of the comparison with a set of
template signals. Gain drifts caused by thermal variations are then corrected by exploiting the Joule heater attached to
each crystal. Calibration spectra are analyzed to extract the correct calibration function of each detector. The final step
of the data production, is to evaluate the time coincidences between events on different crystals which are later used in
the anti-coincident analysis. Since the majority of ββ (0ν) events are expected to be fully contained in a single crystal,
only single crystal events are selected.
The overall detection efficiency in this analysis is 77.6 ± 1.3 %, which includes the shape, anti-coincidence and
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FIGURE 3. Left: CUORE-0 ββ (0ν) energy region of interest. The peak at 2506 keV is due to the sum of the two γ’s from
60Co. The peak at 2528 keV is the salted ββ (0ν) peak (see text). Right: CUORE-0 blinding concept based on the exchange of an
unknown small fraction of events between ROI and 208Tl line.
containment efficiencies. Efforts towards optimized cut efficiencies are ongoing. The ββ (0ν) ROI is kept blinded
using a procedure of “data salting” where an unknown (∼1–3 %) fraction of events from the 2615 keV line are
randomly selected and moved to the ββ (0ν) ROI and vise-versa. Since there are more events in the 2615 keV peak
than the ROI, this process produces a fake peak in the ROI (Fig. 3). The advantage of this blinding procedure is
that it preserves the energy spectrum in the ROI, and allows one to test the fitting algorithms that will be used after
unblinding.
More details on the CUORE-0 data taking and analysis procedures can be found in [33, 34].
CUORE-0 data taking started in March 2013, though in non optimal conditions, after a troubled preparation of
the detector which identified unexpected flaws in the CUORE preparation procedures that were then fixed. Main
goal of the following phase of data taking was to measure the performance parameters while collecting statistics for
evaluating the background level near the ββ (0ν) ROI. The first CUORE-0 data were published in the Summer 2013
[33, 34]. A long system maintenance then followed during which a full section of the dilution unit condensing line
was completely replaced and other sections were refurbished. The result was a new phase (named “II”) of data taking,
started in November 2013 and characterized by a terrific improvement of the system performance both in terms of
noise and stability. Figure 1 (left) shows the sum of all the calibration spectra collected so far, during phase II. All
active channels are included. The measured FWHM energy resolution at the 2615 keV line of 208Tl is 4.8 keV, a
sizable improvement with respect to phase I result [34] and better than the anticipated design goal of CUORE. The
total background exposure includes both phase I and II and amounts to 18.1 kg ×y (6.2 kg ×y of 130Te). In the low
background spectrum (Fig. 2), the peaks from 208Tl, 40K and 60Co are attributed to contamination in the cryostat and
the structure materials, while the peaks from 214Bi are attributed to 222Rn in the air around the cryostat during the initial
runs. On the other hand, the peaks in the α region are attributed to bulk contaminations of the TeO2 crystals, while
the other structures are attributed to surface contamination of the TeO2 crystals and/or the close materials. The energy
resolution evaluated on the 208Tl line at 2615 keV is 5.2 keV FWHM, half-way between the improved performance
of phase II and the 5.7 keV measured during phase I [33]. The continuum from 2.7 to 3.9 MeV, excluding the only
clearly visible peak ascribed to 190Pt, is attributed to degraded particles that deposit only a fraction of their energy in
the crystal and the rest in inactive materials.
This α continuum extends down into the ROI and was a significant background for Cuoricino, 0.110 ± 0.001
counts/(keV·kg·y). The value currently measured in CUORE-0 is 0.020 ± 0.001 counts/(keV·kg·y). The factor of ∼6
reduction from Cuoricino proves the success of the radio-purity protocols that were implemented for the CUORE
production and assembly. The energy spectrum in the ββ (0ν) ROI is shown in Fig. 3. The false peak produced by the
data salting is clearly evident. The fit consists of a flat background with two gaussians, one for the 2506 keV 60Co sum
peak and one for the 2528 keV ββ (0ν) peak. The flat background rate in the ROI is measured to be 0.063 ± 0.006
counts/(keV·kg·y). The excess over the α background stated above is attributed to scattered 2615 keV γ’s originating
from the cryostat. This excess is consistent with the rate similarly observed in Cuoricino, which was run in the same
cryostat.
CUORE-0 data taking is expected to continue until the start of CUORE. Data unblinding is however expected when
the CUORE-0 sensitivity will surpass the Cuoricino limit. This is expected in spring 2015.
4. PROSPECTS
Successful cryogenic operations of CUORE, as well as the CUORE experience in ultra-clean assembly of bolometers
and a cryostat system, are critical for demonstrating the viability of future bolometric experiments. However, CUORE
sensitivity is mainly limited by background. Based on the background model built over a number of dedicated
R&D measurements, but especially based on Cuoricino and CUORE-0 data, the main issue are surface radioactive
contaminations, characterized by the emission of α and β /γ’s in the MeV region. Particle identification is therefore the
main emphasis on bolometers future application in rare event searches. To this end, additional detection channels are
needed, since the absorber does not respond differently for an energy release of different particle types. To distinguish
between ββ (0ν) electrons and α particle background, light emission, either from Cherenkov radiation or scintillation
light can be exploited, where the auxiliary light detector is usually another bolometer facing the main bolometer.
Alternative methods based on the identification of surface interactions have also been devised. This new generation
of bolometric experiments aim at reaching a sensitivity to explore the inverted neutrino mass hierarchy region, at an
effective Majorana mass 〈mββ 〉 ∼10 meV [12].
With the current support from the American and European funding agencies, a number of active R&D programs
are already investigating the cost and purity of bolometric crystals highly enriched in 130Te as well as other potential
isotopes (82Se, 100Mo, and 116Cd), studying background rejection with scintillation, Cherenkov radiation, ionization,
and pulse-shape discrimination, testing novel materials and sensor technologies.
Indeed, Cherenkov light radiation generated by electrons with energy larger than 50 keV [35] can provide a definite
discrimination of α backgrounds and can be exploited in all practical cases. Actually Cherenkov light emission in
TeO2 (which does not scintillate) has been detected using a secondary light detector [36] but more efficient light
collection schemes and light detectors with lower threshold and better energy resolution are needed. Future directions
include new thermal sensors on the light detector, such as TES [37] and MKIDs [38], and Luke effect [39] enhanced
bolometers.
When releasing the request to use TeO2 absorbers, scintillating bolometers are a natural choice. They operate
similarly to the Cherenkov case, but with a larger light yield. The particle identification comes then from the
different light yield for different particle type. For scintillating crystals such as ZnSe, CdWO4, and ZnMoO4, the
light yield difference between possible ββ (0ν) electrons and α particles have been measured [40] and the background
suppression concept demonstrated. It is worth noticing that the natural isotopic abundance of 82Se, 116Cd and 100Mo are
all less than 10 % so that isotopic enrichment is mandatory.
Experience with the CUORE assembly will allow us to further refine and optimize the process of putting together
and operating a 1-ton scale detector. Once CUORE is operational, we expect the vigor of these R&D activities to
ramp up, with the goal of preparing a full proposal for an upgraded bolometric experiment with O(10 meV) Majorana
mass sensitivity on the timescale of 2016. In fact, with a 90 % C.L. half life sensitivities of the order of 1027 y, a
CUORE-like experiment with the substantial background reduction provided by additional detection channels would
be able to reach a sensitivity on 〈mββ 〉 of the order of 5-15 meV, and explore the inverted hierarchy region of neutrino
masses [12].
5. CONCLUSIONS
We described the physics reach and current construction status of the CUORE experiment. Start of data taking is
expected in 2015. With excellent energy resolution and large isotope mass, CUORE is one of the most competitive
ββ (0ν) experiments under construction.
With an isotope mass of 11 kg, a background index of 0.063 ± 0.006 counts/(keV·kg·y) and an energy resolution
of 5.2 keV FWHM, CUORE-0 is the most sensitive experiment searching for the ββ (0ν) of 130Te. It is expected
to surpass the Cuoricino sensitivity in about 1 year of live time. The background in CUORE-0 is dominated by γ’s
from the old Cuoricino cryostat. The measured α background index of 0.020 ± 0.001 counts/(keV·kg·y) validates the
background reduction techniques developed for CUORE. Projecting the observed background to CUORE, where the
cryostat contaminations are expected to be negligible, the target background index of 0.01 counts/(keV·kg·y) in the
ROI seems achieved. With this background CUORE is expected to achieve a sensitivity to the ββ (0ν) half-life of
130Te of ∼1026 y [24].
Future bolometer program can explore the inverted mass hierarchy region to 〈mββ 〉∼10 meV by utilizing additional
detection channels to further reduce background, which is presently the major limitation to the CUORE sensitivity.
Moved by the progress in the construction of CUORE and the already available R&D results, a group of interest is
presently forming to propose this technology as one of the most promising future programs to search for ββ (0ν).
ACKNOWLEDGEMENTS
The CUORE Collaboration thanks the directors and staff of the Laboratori Nazionali del Gran Sasso and the tech-
nical staff of our laboratories. This work was supported by the Istituto Nazionale di Fisica Nucleare (INFN); the
National Science Foundation under Grant Nos. NSF-PHY-0605119, NSF-PHY-0500337, NSF-PHY-0855314, NSF-
PHY-0902171, and NSF–PHY-0969852; the Alfred P. Sloan Foundation; the University of Wisconsin Foundation; and
Yale University. This material is also based upon work supported by the US Department of Energy (DOE) Office of
Science under Contract Nos. DE-AC02-05CH11231 and DE-AC52-07NA27344; and by the DOE Office of Science,
Office of Nuclear Physics under Contract Nos. DE-FG02-08ER41551 and DEFG03-00ER41138. This research used
resources of the National Energy Research Scientific Computing Center (NERSC).
REFERENCES
1. S. Bilenky, C. Giunti, Neutrinoless double-beta decay. A brief review, Mod. Phys. Lett. A27 (2012) 1230015.
arXiv:1203.5250v2.
2. W.H. Furry, On transition probabilities in double beta-disintegration, Phys.Rev. 56 (1939) 1184.
3. J. Kotila, F. Iachello Phase space factors for β+β+ decay and competing modes of double-β decay Phys. Rev. C 87, 024313
(2013) arXiv:1303.4124
4. J. Menendez, A. Poves, E. Caurier, F. Nowacki, Disassembling the Nuclear Matrix Elements of the Neutrino-less beta beta
Decay, Nucl. Phys. A 818 (2009) 139-151, arXiv:0801.3760,; P.K. Rath, et al., Uncertainties in nuclear transition matrix
elements for β+β+ and εβ+ modes of neutrinoless positron double-β decay within the projected hartree-fock-bogoliubov
model, Phys. Rev. C 87 (2013) 014301; T.R. Rodriguez, G. Martinez-Pinedo, Energy density functional study of nuclear matrix
elements for neutrinoless ββ decay, Phys. Rev. Lett. 105 (2010) 252503, arXiv:1008.5260; D.L. Fang, A. Faessler,
V. Rodin, F. Simkovic, Neutrinoless double beta decay of deformed nuclei within QRPA with realistic interaction, Phys. Rev.
C 83 (2011) 034320, arXiv:1101.2149; A. Faessler, V. Rodin, F. Simkovic, Nuclear matrix elements for neutrinoless
double-beta decay and double-electron capture, J. Phys. G: Nucl. Part. Phys. 39 (2012) 124006, arXiv:1206.0464;
J. Suhonen, O. Civitarese, Review of the properties of the 0νββ nuclear matrix elements, J. Phys. G: Nucl. Part. Phys. 39
(2012) 124005; J. Barea, J. Kotila, F. Iachello, Nuclear matrix elements for double-β decay, Phys. Rev. C 87 (2013) 014315,
arXiv:1301.4203;
5. O. Cremonesi, M. Pavan Challenges in Double Beta Decay Advances in High Energy Physics 2014 (2014) 951432,
doi:10.1155/2014/951432, arXiv:1310.4692.
6. C. Arnabold, et al. , CUORE: A Cryogenic Underground Observatory for Rare Events, Nucl. Instrum. Meth. A. 518 (2004)
775; arXiv:hep-ex/0212053v1.
7. D. Artusa, et al., Searching for neutrinoless double-beta decay of 130Te with CUORE, submitted to Adv.High Energy Phys.;
arXiv:1402.6072.
8. M. A. Fehr, M. Rehkamper, A. N. Halliday, Application of MC-ICPMS to the precise determination of tellurium isotope
compositions in chondrites, iron meteorites and sulfides, Int. J. Mass spectrom. 232 (2004) 83-94.
9. M. Redshaw, B. J. Mount, E. G. Myers, F. T. Avignone, III, Masses of 130Teand 130Xe and double-beta decay Q-value of 130Te,
Phys. Rev. Lett. 102 (21) (2009) 212502, arXiv:0902.2139; N. D. Scielzo et al., Double-β -decay Q values of 130Te,
128Te, and 120Te, Phys. Rev. C80 (2009) 025501, arXiv:0902.2376. S. Rahaman, et al., Double-beta decay Q values of
116Cd and 130Te, Phys. Lett. B 703 (4) (2011) 412.
10. E. Andreotti, et al., 130TeNeutrinoless Double-Beta Decay with CUORICINO, Astropart. Phys. 34 (2011) 822-831,
arXiv:1012.3266.
11. D.R. Artusa, et al., Initial performance of the CUORE-0 experiment, Eur. Phys. J. C 74 (2014) 2956, arXiv:1402.0922.
12. D.R. Artusa et al., Exploring the Neutrinoless Double Beta Decay in the Inverted Neutrino Hierarchy with Bolometric
Detectors, Accepted for publication on European Physical Journal C, arXiv:1404.4469.
13. E. Fiorini and T. Niinikoski, Low-temperature calorimetry for rare decays Nucl. Instrum. and Meth. A 224 (1984) 83.
14. C. Arnaboldi, et al., Production of high purity TeO2 single crystals for the study of neutrinoless double beta decay, J. Cryst.
Growth 312 (2010) 2999-3008, arXiv:1005.3686.
15. K. M. Itoh, et al., Neutron transmutation doping of isotopically engineered Ge, Appl. Phys. Lett. 64 (1994) 2121.
16. D.-L. Fang, A. Faessler, V. Rodin, F. Simkovic, Neutrinoless double beta decay of deformed nuclei within QRPA with realistic
interaction, Phys. Rev. C 83 (2011) 034320, arXiv:1101.2149.
17. F. Alessandria et al., CUORE crystal validation runs: results on radioactive contamination and extrapolation to CUORE
background, Astropart. Phys. 35 (2012) 839-849; arXiv:1108.4757.
18. F. Alessandria et al., Validation of techniques to mitigate copper surface contamination in CUORE, Astropart. Phys. 45 (2013)
13-22; arXiv:1210.1107.
19. D. R. Artusa, et al., Projected background budget of the CUORE experiment, to be submitted
20. D. Mei, A. Hime, Muon-Induced Background Study for Underground Laboratories, Phys. Rev. D73 (2006) 053004,
arXiv:astro-ph/0512125.
21. A. Alessandrello, et al., Measurements of internal radioactive contamination in samples of Roman lead to be used in
experiments on rare events, Nucl. Instrum. Meth. B142 (1998) 163.
22. E. Andreotti, et al., Muon-induced backgrounds in the CUORICINO experiment, Astropart. Phys. 34 (2010) 18-24.
arXiv:0912.3779.
23. F. Bellini, et al., Monte carlo evaluation of the external gamma, neutron and muon induced background sources in the CUORE
experiment, Astropart. Phys. 33 (2010) 169.
24. F. Alessandria et al., Sensitivity of CUORE to Neutrinoless Double-Beta Decay, arXiv:1109.0494.
25. M. Clemenza, C. Maiano, L. Pattavina, E. Previtali, Radon-induced surface contaminations in low background experiments,
Eur. Phys. J. C71 (2011) 1805.
26. C. Brofferio et al., Electrical characterization of the low background Cu-PEN links of the CUORE experiment, Nucl. Instrum.
Meth. A 718 (2013) 211-212.
27. A. Nucciotti, et al., Status of the Cryogen-Free Cryogenic System for the CUORE Experiment, Journal of Low Temperature
Physics 167 (2012) 528-534.
28. E. Ferri, et al., Commissioning of the 4 K Outer Cryostat for the CUORE Experiment, Journal of Low Temperature Physics
(2014) 1-7
29. C. Arnaboldi et al., The front-end readout for CUORICINO, an array of macro-bolometers and MIBETA, an array of
mubolometers, Nucl. Instrum. Meth. A 520 (2004) 578, doi:10.1016/j.nima.2003.11.319.
30. C. Arnaboldi et al., A programmable multichannel antialiasing filter for the CUORE experiment, Nucl. Instrum. Meth. A 617
(2010) 327-328,
31. V. Radeka, N. Karlovac, Least-square-error amplitude measurement of pulse signals in presence of noise, Nucl. Instrum.
Methods 52 (1967) 86.
32. E. Gatti, P. F. Manfredi, Processing the signals from solid state detectors in elementary particle physics, Riv. Nuovo Cimento
9 (1986) 1.
33. D.R. Artusa et al., Initial performance of the CUORE-0 experiment , Eur. Phys. J. C 74 (2014) 2956.
34. M. Vignati et al., First data from CUORE-0, Proceedings of the TAUP2013 Conference, Elsevier.
35. T. Tabarelli de Fatis, Cherenkov emission as a positive tag of double beta decays in bolometric experiments, Eur. Phys. J. C65
(2010) 359
36. J. Beeman, et al., Discrimination of alpha and beta/gamma interactions in a TeO2 bolometer, Astropart. Phys. 35 (2012) 558,
arXiv:1106.6286.
37. G. Angloher, et al., Results from 730 kg days of the CRESST-II Dark Matter Search, Eur. Phys. J. C72 (2012) 1971, arXiv:
291 1109.0702.
38. S. Domizio, et al., Cryogenic wide-area light detectors for neutrino and dark matter searches, J. Low. Temp. Phys. (2014) 1-7
39. C. Isaila, et al., Low-temperature light detectors: Neganov-Luke amplification and calibration, Phys. Lett. B 716 (1) (2012)
160; M. Willers et al., Background discrimination in neutrinoless double beta decay search with TeO2 bolometers using
Neganov-Luke amplified cryogenic light detectors, arXiv:1407.6516.
40. S. Pirro, et al., Scintillating double-beta-decay bolometers, Phys. Atom. Nucl. 69 (2006) 2109.
